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The buoyant growth and upbeat investment climate in the EMEs and the massive shift of manufacturing to low-cost countries such as China and India have led to further increase in demand for trading in emerging market currencies. Along with the increasing economic interest in EMEs, foreign exchange convertibility restrictions in these economies have led to the strengthening of the offshore foreign exchange market. With non-existence of a natural forward market for non-domestic players, private companies and investors investing in these EMEs, non deliverable forwards have become popular derivative instruments catering to the offshore investors' demand for hedging. Notwithstanding this, NDF also provides domestic market participants having overseas presence to take arbitrage opportunities between the offshore and onshore market. As a result, it is possible to have volatility spillover from offshore to onshore market. A similar kind of situation has been observed in certain circumstances when the difference between the NDF and futures rate of the Indian rupee of same maturities reached one rupee, which in turn led the Indian rupee to depreciate sharply. Against this background, the paper is attempting to examine the dynamic relationship between the offshore and onshore market for Indian rupee. . Particularly, the paper attempts to see whether there are any change in the relationship between spot, forward and NDF market after introduction of currency futures in India. The following section provides a brief overview of NDF market. A review of literature on the behaviour of NDF market is presented in Section II. Section III then, discusses the present state of NDF market for Indian rupee. The methodology adopted in this paper to study the onshore-offshore linkages of the Indian rupee is discussed in Section IV. The empirical results are presented in Section V. The final section deals with the concluding remarks of the present study.
I. A Brief Overview of NDF Market
NDFs are types of derivatives for trading in non-convertible or restricted currencies without delivery of the underlying currency where physical delivery is not possible. In an NDF contract, generally two parties agree to a cash payment from one party to another at a future date based on the price on that day of some underlying asset as compared to a contractually agreed future price for the same asset. Thus, the cash-flow is based on the netted difference between the futures spot price (for example, the RBI reference rate in the Indian case) and the contractual price (Rupee NDF rate). Generally, the differential amount is settled in a convertible currency like US dollar. Thus, the risk on the movement of nonconvertible currency is mitigated through the transactions of the differential amount in the offshore market. With increase in capital flows and trade flows of the EMEs, the activity in NDF market for these currencies has increased significantly. Today, there exists a large and increasingly active market in NDFs for many Latin American, East Asian and Eastern European currencies, with centers in Hong Kong, Singapore, South Korea, Taiwan, Japan, London (for Eastern European currencies and Asian currencies) and New York (for Latin American currencies).
As mentioned earlier, the activities in the NDF market increased significantly in the last few years with the increase in capital flows and trade flows of the EMEs 1 . Since NDFs are traded over the counter, it is difficult to obtain data on NDF trading volume. However, a few agencies conduct surveys to report the data on NDF turnover. The Tokyo Foreign
Exchange Market Committee conducts regular survey on forex turnover wherein they report detailed data on NDF transactions in Tokyo. According to their survey, the average daily 
II. Literature on NDF
The literature on the study of various dynamics of NDF market is rare despite a two decades old market. This is mainly due to the lack of availability of data on NDF rates and turnover as the trade of such instruments takes place over the counter and in an offshore market. To date, there has been very little research conducted studying the behaviour of the NDF market 2 . One of the earliest attempts made by Park (2001) is to study the linkages between the South Korean Won spot rate and the NDF rate. Using GARCH framework, he finds evidence of mean and volatility spillover effect from the offshore to onshore market. In later period, many researchers have tried to study NDF market from various aspects.
Examining market efficiency of renminbi, Izawa (2005) could not found that renminbi NDF is an unbiased predictor of the future spot rate. Differently, Ma et al. (2004) Colavecchio and Funke (2006) found that the renminbi NDF has been a driver of various Asian currency markets. Thus, it can be said from the literature that there are interlinkages between various cross-currency NDFs and between onshore exchange rates with offshore NDF rate. It is, therefore, very important for a policy maker in an emerging country to understand the behaviour of the NDF market and possible impact of such market on onshore market. With an objective to study the inter-linkage of Indian rupee (INR) NDF market with onshore spot, forward and future market, the next section provides some stylized facts of INR NDF market.
III. NDF Market for the Indian Rupee
The authorities in India do not have any control over offshore participation in INR NDF markets. The onshore financial institutions are not allowed to transact in the NDF 2 A detail analysis of market structure, behaviour and the evolution of NDF market is provided by Ma, et al. (2004 ), Lipscomb (2005 and Misra and Behera (2006) . While these volumes are not large enough to affect the domestic onshore market under regular market conditions, in volatile market conditions, however, they may impact the domestic spot markets. According to Misra and Behera (2006) , the price discovery in INR NDF market takes place drawing information from onshore market; however, the volatility in NDF markets could influence the onshore markets. Whether the findings still hold after the introduction of currency futures in India needs to be examined as the understanding of onshore-offshore link of the rupee would be helpful for protecting the currency from any speculative attack.
IV. Methodology
To examine the onshore and offshore relationship of Indian rupee, the multivariate generalized autoregressive conditional heteroscedasticity (MGARCH) model in vector autoegressive (VAR) framework is employed where the conditional mean and variance equations are estimated simultaneously. The MGARCH model used in this paper to study the mean and volatility spillover between onshore and offshore market is the BEKK parameterization of MGARCH, a version proposed by Engle and Kroner (1995) . The BEKK model doesn't impose restriction of constant correlation among variables over time. Further, the model incorporates quadratic forms in such a way that ensures the positive semidefiniteness of the covariance matrix 4 . The study, specifically, uses a trivariate GARCH model which allows to study the volatility transmission among three different markets simultaneously.
The mean equation in the VAR-MGARCH model can be specified as: The BEKK parameterization for variance equation can be given as:
The individual elements for C, A and B matrices in Eq. (2) are written as follows: To have a better understanding about the effect of shocks and volatility on the conditional variance, the variance equation ignoring the constant terms, can be expanded for the trivariate GARCH(1,1) as: 
Eqs. (4), (5) and (6) show how shocks ( t  ) and volatility ( t h ) are transmitted across markets and over time. Since exchange rates of four markets (spot, forward, futures and NDF) are used, the transmission mechanism is examined by estimating trivariate GARCH models with various combinations of three exchange rate returns.
The BEKK-MGARCH model is estimated using the maximum likelihood method in which the log-likehood can be written as:
where T is the number of observations and θ represents the parameter vector to be estimated.
To obtain the estimates of the parameters, a combination of the standard gradient search algorithm Broyden-Fletcher-Goldfarb-Shanno (BFGS) and simplex algorithm are used.
V. Data and Empirical Findings

V.1. Data and Preliminary Statistics
The data used in this study consists of daily closing exchange rates of rupees per US statistics to test the presence of ARCH effect are reported in Table 2 . From Table 2 , it can be observed that all the returns are leptokurtic, i.e. fat tailed and therefore, the presence of ARCH effect in various return series are checked through LB-Q tests of squared returns and squared errors from eq. (1) up to 8 th lag. The LM test is employed to see the serial correlation in the squared errors from eq.
(1) to test the ARCH effect. All the tests confirmed the presence of ARCH effect in various return series.
V.2. Empirical Results
Initially, two trivariate GARCH models are estimated taking a combination of spot, Table 3 .
The result in Table 3 shows that the estimates and in Mean equation are highly significant in both the Panel A and Panel B indicating about bi-directional mean spillover between spot and forward market. However, NDF doesn't have any mean spillover impact on either spot or forward as can be seen from insignificant coefficients and .
Further, NDF is influenced by both spot and forward market along with its own lag.
The variance-covariance estimates in Panel A are slightly different from that in Panel B. In both the panels, the coefficients and are significant indicating that future volatility in all the spot, forward and NDF market are influenced by the shocks and volatilities in their own market. Before the introduction of currency futures in India, spot and forward market have bi-directional shock transmission as can be observed from significant coefficients and . The coefficient became insignificant when considered for full sample period implying that the shocks in forward market could not significantly influence spot market volatility. However, the shocks in spot market continued to influence the volatility in forward market. Further, as can be observed from coefficients and , shocks in spot and forward market do not have any statistically significant impact on the volatility of NDF market before the introduction of currency futures, which became statistically significant when considered for full sample. In both Panel A and B, the coefficients and are statistically significant indicating the volatility spillover from one market to the other in the case of spot and forward. However, the volatility spillover from forward to spot became insignificant when considered for full sample data. Similarly, both way volatility transmissions exist between spot and NDF market. Being significant and insignificant, it is clear that there are volatility spillovers from forward market to NDF market but the reverse impact does not exist. It is also important to observe from the coefficient in both the panels that the magnitude of volatility spillover from NDF to spot market, which was lower earlier, became higher after the introduction of currency futures in India.
With an objective to see the shock and volatility spillover among spot, forward, futures and NDF market in the period after the introduction of currency futures in India, two trivariate GARCH models were estimated taking the combinations of (i) spot, futures and NDF; and (ii) forward, futures and NDF. The estimates of the coefficients in Mean and
Variance equations are given in futures to forward and NDF market, and from forward to NDF market. However, futures market does not have any mean spillover impact either from forward or from NDF market.
Further, NDF market is impacted by mean spillover in forward market apart from its own.
Shocks in forward, futures and NDF markets influence each other as can be observed from the significant coefficients of conditional error terms. Coming to the volatility transmission part, it can be depicted from the table that futures and NDF markets have volatility spillover from all the markets. Volatility in forward market is also impacted by the volatility in futures market apart from its own volatility. Forward market volatility is influenced by the volatility in futures market and not by the volatility in the NDF market.
VI. Concluding Observations
With the growing interest of the global players in the Indian economy and the consequent increase in capital inflows into India over last few years, there has been an increase in activities in the INR NDF market. This market essentially draws information from the spot, forward and futures markets. While the offshore NDF rates do not have mean spillover impact on onshore spot, forward and futures market, shocks and volatilities in NDF markets are empirically found to influence the onshore markets. The magnitude of volatility spillover from NDF to spot market, which was lower earlier, became higher after the introduction of currency futures in India. This is probably due to the fact that large arbitrage has taken place between futures and NDF market in recent past. Further, volatility spillover from NDF market to futures market is also significantly high.
So long as there is differential treatment between residents and non-residents with regard to their operation in derivatives market, offshore INR NDF market will continue to thrive. Till that point, the NDF markets could be regarded as essential for sustenance of offshore investor's interest in the domestic economy. The activity in the NDF market needs to be closely monitored to keep track of the pressures operating on the Indian currency as well as to prevent speculative attack on Indian currency during volatile conditions. Apart from above policy issues, the finding of the study have important implications for currency risk management participating in both offshore and onshore markets.
